The possibility for quality improvement and shelf life extension of beef trimmings and beef knuckles by a combination of modified atmosphere packaging (80%О 2 /20%СО 2 ) and superficial spraying with taxifolin solution (1 g/dm 3 ) was studied. This type of treatment reduced by 10 -27 % amino nitrogen content and by 7 -12 % acid value, of beef cuts stored at 0 ± 0.5°С. According to the microbiological tests the shelf-life of beef treated with taxifolin and packaged in modified atmosphere was extended with 6 days (up to 18 d post mortem) in comparison with air-packed samples. Taxifolin treatment of air-packaged beef was not effective for shelf-life extension. The combined application of taxifolin treatment and modified atmosphere packaging improved quality and extend shelf-life of chilled beef.
INTRODUCTION
Extension of the quality and shelf-life of packed chilled beef was one of the technology necessities to meet the demands of consumers. In this respect, increasing attention was put on modified atmosphere packaging (MAP) (Narasimha Rao and Sachindra, 2002) . The preserved effect of beef MAP packaging has been strengthened by spraying with natural antioxidants such as: carnosine, carnetine and Lascorbic acid solutions (Djenane et al., 2004) ; combination between pulverization with rosemary and vitamin C and MAP (70%О 2 /20%СО 2 / 10%N 2 ) (Djenane et al. 2003) ; combined effect of rosemary extract and ascorbate/citrate /1:1/ and MAP (100%N 2 or 80%О 2 /20%N 2 ) (Lund et al. 2007 ).
The application of bioflavonoides as natural antioxidants for treatment of fresh MAP meat has not been discussed in the available literature. Depending on the presence or absence of double bond in the heterocyclic ring bioflavonoides were classified as favons and flavonons (Harada et al., 1992) . One well known representative of the flavones is quercetin (Mitchell et al., 2007) . The dihydroquercetin (known also as taxifolin) is a member of the group of flavonons (Vladimirov et al., 2009) .
The satisfactorily pure taxifolin may be extracted from Siberian larch (Larix sibirica Ledeb). There are evidences that this type of taxifolin is efficient antioxidant for edible oils (Poltnikov et al., 2000) , lard (Tiukavkina et al., 1997) , poultry fats (Krasiukov et al., 2006) , dry milk powder (Rulenko et al., 1995) , rich of fats sweets (Plotnikov et al., 1993) , groun meat (Gurinovitch et al., 2006) , and chilled salmon Balev et al. 2009 ).
The analysis of the available literature showed that the combination of taxifolin treatment and MAP for inhibition of oxidative processes in beef has not been performed.
The objective of the present study was to establish the possibilities for improving the quality and for prolonging the shelf-life of beef cuts by using a combination of MAP (80%О 2 /20%СО 2 ) and superficial taxifolin treatment.
MATERIALS AND METHODS

Materials:
The beef was supplied by the company "Unitemp" Ltd, Voyvodinovo village, district Plovdiv, Bulgaria. The carcase quarters LOT: L0801300201 were imported from Poland. The carcrases were boned and sorted. 
Methods:
Sample preparation: The samples were obtained according ISO 3100-1:1991. Before analysis samples were stored at 0°С for no more than 6 h.
Analysis of the proximate composition of beef:
The moisture content was determined by drying at 105°C (Kirkbright et al., 2007) . The ash content of the samples was determined after drying at 102°C and heating in a muffle oven at 525°C for 4 h (Perez and Andujar, 1980) . Crude proteins were analyzed according to the Kjeldahl method by using of an automatic analyzer Keltec Auto, model 1030 (Tecator, Sweden). The proteins were calculated by using of a conversion factor 6.25 (King and Sebranek, 1993) . The total lipids determination was performed by diethyl ether extraction in Soxhlet extractor (Jensen, 2007) . Determination of amine nitrogen: Amine nitrogen content of studied samples was determined by the Sørensen method (Sundaran et al. 2001) modified to suit the specific conditions of the analysis. Lipid extraction and determination of acid value : Lipids were extracted according to Bligh and Dyer (1959) Statistical analysis: Data were statistically analyzed by using of the SPSS 11.0 software (SPSS Inc., Chicago, Illinois, USA). Nine repetitions (n=9) for each sample were carried out. Data were analyzed by the analysis of variance (one-way ANOVA) method with a significant level of P≤0.05 (Draper and Smith, 1998) . The Duncan's multiple comparison test (SPSS) with a significant difference set at P≤0.05 was used to compare sample means. Significant differences between means less than 0.05 were considered statistically significant (Kenward, 1987) .
RESULTS AND DISCUSSIONS Beef Proximate Composition:
The results obtained showed that the taxifolin treatment and MAP did not modify significantly the proximate composition of beef ( Figure 1 and Figure 2) . The proximate composition of the experimental samples was typical for beef cuts at 18 d post mortem (12 th d of the refrigeration storage). Moisture, g/100 g Proteins, g/100 g
Lipids, g/100 g Carbohydrates, g/100 g Ash (Minerals), g/100 g
Fig 2. Proximate composition of samples B -beef knuckles with bones
It is well known that the lipid content of beef is very variable parameter. It depends from anatomical and topographical muscle location, muscle type, species, sex, ages and the manner of nutrition and breeding. Therefore, 10 -11g lipids/100 g beef trimmings and 3 -4 g lipids/100 g beef knuckles were considered to be typical.
The ash content of the beef cuts, representing its total mineral content, varied from 1.71 to 1.95 g/100 g beef, which values are also typical for beef.
Amino Nitrogen Content:
Amino nitrogen content of all studied samples increased significantly (P<0.05) during refrigerated storage at 0±0.5 °С (Figure 3) . After 12 days of child storage, the amino nitrogen content of control samples C A and C B increased from 0,45 mg/100 g to 5,91 mg/100 g and from 0,51 mg/100 g to 6,57 mg/100 g, respectively. The results obtained showed, that the superficial treatment with taxifolin solution (1 g/dm 3
) and MAP delayed to the certain extend the amino nitrogen accumulation. The lowest levels of amino nitrogen content were determined in MAP samples (MA A and MA B ), fallowed by MOP and treated with taxifolin samples (TMA A and TMA B ). Air-packed and treated with taxifolin samples (T A and T B ) had a little bit lower amino nitrogen concentrations than the control samples. These results showed that the application of MOP had greater effect on inhibition of proteolysis in beef than taxifolin treatment.
The more intensive proteolysis in air-packed samples (С A , С B , T A , and T B ) may be explained with the accelerated growth of aerobic bacteria in beef (Edwards et al., 1987; Abd El-Rhman et al., 1998) . The main factor for MAP beef spoilage is the activity of lactic acid bacteria (Doulgeraki et al., 2009) .
Free Fatty Acids Accumulation:
The accumulation of free fatty acids in beef was established by monitoring the changes in acid value (AV) of the studied samples. It was found, that the AV of all samples increased significantly (P<0.05) during the child storage (Figure 4) . It is well known, that the free fatty acid accumulation in meat is a consequence of hydrolytic changes in muscle lipids and adipose tissue located around the muscles (Gandemer, 1990) . Therefore, the results obtained (Figure 4 It is evident, that taxifolin treatment had greater effect on inhibition of lipolysis development in beef than MOP. Such effect could be explained by the inhibitory activity of taxifolin toward muscle lipases and phospholipases (Tiukavkina et al., 1997) . It was found that, the superficial spraying of beef trimmings with taxifolin solution (1g/dm 3 ), individually or in a combination with MAP (80%О 2 ; 20%СО 2 ) delayed the free fatty acids accumulation during child storage with 10% to 12% in comparison with the control samples. Such treatment is less effective for inhibition of lipolysis in beef knuckles, which is demonstrated by the greater increase of AV during child storage of MA B , T B and TMA B samples. However, the levels of AV determined at the end of the experiment, indicated for initial stage of lipolysis development in all studied samples.
Microbiological characteristics:
The results from microbiological analysis (Table 1) showed that ТМА A , ТМА B , МА A and МА B samples preserved their microbiological quality during the whole 12d period of refrigeration storage at 0±0.5 °C. The microbiological characteristics of these samples remained in the standard norms for freshness and hygiene of beef (ISO 2073) . In contrast to them, according to the microbiological tests the samples T A and T B could be considered as safety up to 6d, and control samples C A and C B -up to 3d of refrigeration storage. The results reported by us were in agreement with the findings of Barbary and Zeitoun (1992) . 4.4 ± 1.2 2.2 ± 0.7 3 ND Sample Т B 12 6.4 ± 1.1 3.8 ± 0.7 5 ND 1 3.2 ± 0.9 1.2 ± 0.5 ND 1 3 3.2 ± 1.6 1.4 ± 0.7 ND ND 6 3.6 ± 1.4 1.4 ± 0.5 ND ND Sample МА B 12 4.1 ± 1.1 2.0 ± 0.6 ND ND 1 3.1 ± 0.9 1.4 ± 0.5 ND ND 3 3.4 ± 1.4 1.5 ± 0.5 ND ND 6 3.9 ± 1.1 1.6 ± 0.4 ND ND Sample ТМА B 12 4.1 ± 1.1 1.9 ± 0.4 ND ND
CONCLUSIONS:
The results obtained showed that the packaging of beef in modified atmosphere 80%О 2 /20%СО 2 , combined with preliminary superficial treatment of the meat with taxifolin solution (1 g/L) improved the quality of chilled beef and extended the shelf-life up to 18 d post mortem (12 d of storage at 0±0.5 °С). This shelf-life of TMA beef was with 6 days longer in comparison with air-packed samples. Taxifolin treatment of air-packed beef was not effective for shelf-life extension.
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